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ABSTRACT  
 
Urban areas in developing countries will accommodate nearly 90 % of the projected world 
population increase between 1995 and 2030. Despite this, few studies, especially in smaller 
towns, have been carried out on urban green space areas in the developing world. This paper 
makes a first step in this regard, reporting on the extent and state of urban green spaces within 
ten small towns in the Eastern Cape (South Africa). After measuring the size and state (in 
terms of woody plant cover) of public green space, we then sought patterns across the 10 
towns between green space attributes, such as area, density, mean size and proportion of alien 
or indigenous species, with socio-economic attributes of the towns. The area and state of 
current public green space varied markedly between the towns, with the poorer towns faring 
the worst. Lower income levels were significantly negatively correlated with the area and 
quality of public green space. Despite this, human population density and per capita green 
space were the best predictors of the proportion and mean area of public green space present 
in the towns. The proportion of town green space and the per capita green space were the best 
predictors of changes in woody plant composition and density.      
 
KEY WORDS: Developing world, GIS, Socio-economic indices, Urbanisation, Woody plant 
invasion, Human disturbance 
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INTRODUCTION  
Urbanisation is a global trend currently undergoing rapid acceleration with resulting negative 
impacts on the compositional, structural and functional elements of biodiversity (Sandstrom 
et al., 2005), and subsequent health, psychological and material impoverishment of urban 
residents (Grahn and Stigsdotter 2003, Barthel et al., 2005). Due to the clearing of land for 
housing and infrastructure during urbanisation, natural areas in and around cities are severely 
impacted through a reduction in extent, fragmentation, transformation, dumping and alien 
species invasions. It therefore follows that urban planning and nature conservation techniques 
need to be developed to minimise these negative consequences (Cilliers et al., 2004), 
especially considering that two-thirds of the world’s population will be living in urban areas 
by 2030 (United Nations Population Fund, 2007).  
 
At the 1992 Earth Summit in Rio de Janeiro over 175 countries ratified the Convention on 
Biological Biodiversity (CBD) (Groves, 2003). Signatories of the CBD are compelled to 
adopt the principle that local decision-making for integrated development planning (IDP) is 
democratic and focussed on the task of achieving social, economic and environmental 
sustainability. South Africa is a signatory of the CBD and has devolved land use decision-
making to the 284 local municipalities. The Local Government Municipal Systems Act 32 of 
2000 and the Biodiversity Act 10 of 2004 are the two main pieces of legislation which govern 
this local decision-making process in South Africa. Across the world countries have put land 
use planning in the hands of local governments. In terms of the developing world however, 
local government agencies usually struggle to include issues such as biodiversity into the 
planning process (Pierce et al., 2005).  
  
In common with many other parts of the world cities in South Africa have substantive urban 
open space planning approaches in the form of the Metropolitan Open Space Systems 
(MOSS), including for example, Johannesburg (Johannesburg Open Space System, 2002), 
Durban (eThekwini Environmental Services Management Plan, 2002), Cape Town 
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(Hennessy, 2000) and Port Elizabeth (Stewart, 2006). Yet, such urban open space plans have 
yet to be developed and implemented in the small to medium-sized towns. There is a need for 
greater awareness amongst decision makers within small towns to consider public green 
spaces and greening initiatives as part of, and not an afterthought to, urban development and 
expansion plans (Shackleton, 2006). This is particularly pertinent in poorer areas where the 
planting of trees and maintenance of green space is often considered an unnecessary luxury, 
while wealthier suburbs boast larger green areas and woody density (Hope et al., 2003; 
Pedowlski et al., 2003; Iverson and Cook, 2004). But given that residential plot sizes are 
typically smaller in poor suburbs or towns, there is thus less opportunity for private green 
spaces in the form of productive or aesthetic gardens, and hence public green space is all the 
more important. This environmental inequality has been recognised as worsening the plight 
of the poorer urban residents and lowering their overall quality of life as compared to the 
urban elites (Pedowlski, 2003).       
 
Whilst there is little doubt about the benefits from urban green space and natural areas within 
cities, the quality and composition of such space has received less attention. Indeed, without 
proper management, such spaces may become refuges for alien species planted by officials, 
or alien invasive species that thrive in disturbed sites. According to Pysek (1998) the 
occurrence of indigenous and alien species in urban flora follows different patterns of 
dispersal between cities. Understanding the behaviour of alien species across cities is vital. 
This is because the cities act as immigration sources from which the alien species can 
disperse into the surrounding landscape (Pysek, 1998; Alston and Richardson, 2006). Alien 
plant species invasion can be used as an indication of disturbance and Godefroid (2001) 
mentions how the proportion of alien species can also be used as an indicator for showing 
extent of human activity in urban areas. Invading vegetation is believed to be the second 
largest threat to biodiversity, after direct habitat destruction (Cowling and Hilton-Taylor, 
1994; IUCN, 2000 Alston and Richardson, 2006). Hence, greater understanding of their 
extent and dynamics in urban green spaces is required.  
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This process of replacing indigenous plant species with invasive alien plants results in what is 
documented by McKinney (2006) as biotic homogenisation. Although the local plant 
diversity might be increased within the town green space the overall effect on global diversity 
is decreased as the localised endemic species go extinct.   
 
According to the Johannesburg Open Space System (2002) report the number of invasive 
species has a direct impact on the functioning of green space. The higher the percentage of 
invasive species, the greater will be the cost and management inputs required to restore and 
maintain the area. As part of a number of factors for the selection of desired ecological open 
spaces in the Johannesburg metropole, the Johannesburg Open Space System (2002) 
developed a disturbance rating system based on the percentage density of invasive plant 
species. Ratings were defined as high (≥ 60 % invasive exotic species), medium (≥ 21 % and 
≤ 59 % invasive exotic species) or low (≤ 20 % invasive exotic species). Of these categories, 
only areas with a “low” rating were considered for the desired ecological open spaces.  
 
Pysek (1998) mentions how quantitative data outside Europe on the presence of alien species 
in urban areas is limited. The only data found by Pysek (1998) outside of Europe was from 
Mexico City, where Rapoport (1991) mentioned how within the urbanised part of the city, 20 
% of the total species were alien, which was substantially lower than that of European cities, 
which had an average of 40.3 %. More recently a study was conducted by Cilliers et al. 
(2004) in a South African city, which as part of the study related land-use areas to alien plant 
species occurrence. Such figures are rare in developing countries, including South Africa, 
where urban forestry issues have received limited attention (Shackleton, 2006), especially for 
smaller towns.  
 
This paper attempts to address this issue for ten small towns in the Eastern Cape province, 
South Africa, by reporting on the extent of green spaces and prevalence of alien woody 
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plants. The objectives were to firstly quantify the current size and state of public green space 
within small towns in the thicket biome, and secondly seek patterns between this and socio-
economic attributes of the towns.  
 
STUDY SITES 
The broader study area was the Sub-Tropical Thicket Biome (STTB) of the south-eastern 
region of South Africa. This biome is restricted to South Africa and is characterised by dense 
canopies of evergreen shrubs and low woody plants (Vlok et al., 2003). The STTB is the 
second smallest biome in South Africa and is well known for its high levels of biodiversity 
(Meyers, 2003). Despite this, less than 5 % of the biome is in formal conservation areas (Pote 
et al., 2006). The biome has undergone extensive planning and mapping by the Sub-Tropical 
Planning Ecosystem Project (STEP). The STEP planning region covers 105 454 km2 of 
which less than 10 % of the area is occupied by urban dwellers (Pierce et al., 2005). Large 
areas of the STTB have been severely degraded or transformed (42 % of solid thicket and 
77.67 % of mosaic thicket types). The drivers of this degradation in the biome are excessive 
grazing by domestic livestock, land clearing for cultivation, harvesting of wood-fuel and 
medicinal plants, alien plant invasion, mining and urbanization (Lloyd et al., 2002). 
 
The STTB is concentrated in the Eastern Cape province, which is the poorest of South 
Africa’s nine provinces. It consists of six district municipalities and 38 local municipalities 
(Demarcation Board of South Africa, 2006). Within this region, 10 small and medium-sized 
towns were selected. They all fell within the Eastern Cape (EC) province with the exception 
of Mossel Bay which is just over the border in the Western Cape province (Fig. 1). The 
districts included the Amatole District (AD), Cacadu District (CD) and Eden District (ED) 
(Table 1). The town populations ranged from 11 027 to 57 030 people (Table 1). Of the ten 
towns, three (Bisho, Butterworth and Zwelisha) were located in the former homelands 
demarcated under the previous apartheid regime, and were significantly poorer than the 
others. 
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Table 1. Details of the sample towns 
 
Town Province District Municipality Population Vegetation type (STEP data layers) 
Bisho EC Amatole District Buffalo City 19,258 Berlin Savanna Thicket 
Butterworth EC Amatole District Mnquma 46,834 
Butterworth Savanna 
Thicket 
Fort Beaufort EC Amatole District Nkonkobe 25,052 Bedford Savanna Thicket 
Graaff-Reinet EC Cacadu District Camdeboo 37,005 Escarpment Spekboomveld
Grahamstown EC Cacadu District Makana 57,030 
Grahamstown Grassland 
Thicket 
Jeffrey's Bay EC Cacadu District Kouga 17,380 Gamtoos Thicket 
King-
Williams EC 
Amatole 
District Buffalo City 14,168 Buffels Valley Thicket 
Mossel Bay WC Eden District Mossel Bay 46,710 Robberg Dune Thicket 
Port Alfred EC Cacadu District Ndlambe 16,859 Kasouga Dune Thicket 
Zwelitsha EC Cacadu District Buffalo City 11,027 Buffels Valley Thicket 
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 Fig. 1. The location of the study sites within the Sub-Tropical Thicket Biome 
 
 
METHODS 
Mapping of Green Spaces 
GIS analysis of the green spaces was conducted using ArcView 3.2 (ESRI). The data sources 
included digital 1: 10 000 orthorectified images, 1: 250 000 STEP data layers and the 
Environmental Potential Atlas (ENPAT) data.  
 
The STEP data layers (BGIS, 2006) and the ENPAT (ENPAT, 2006) town data were overlaid 
in the same projection to determine the towns falling within the Thicket Biome. The towns 
were selected according to their respective human populations, and those with populations of 
between 10 000 and 100 000 people were identified. The larger metropoles were excluded. 
Digital orthorectified images covering each of the study towns were acquired from the 
Directorate of Surveys and Mapping, Department of Land Affairs, South Africa. The original 
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dates of these images ranged between 2001 and 2004. These images were used for the on-
screen digitising of polygon vector data layers displaying the outlines of the respective town 
boundaries and green space areas.  
 
To determine the area of each town, we dictated that the town boundary would be taken as 
the line joining the edges of the delimited properties for the outermost buildings of the town. 
This was done so as not to include patches of green space on the periphery of the town, and 
so erroneously inflate the amount of green space, which could have a large impact on 
statistics for a small town. This allowed for greater consistency for comparing towns of 
varying sizes. The town boundary and green space polygons were all digitised at a scale of 1: 
3 000. The green space polygons were given a unique identity number and for each town 40 
% of the green spaces were randomly selected for ground sampling according to these 
identity numbers. For green spaces which appeared to have a high density of woody plant 
species, a transect line was drawn across the green space. Along the transect line, 50 woody 
plants would be identified. Within the time constraints of the project 50 woody plants was 
deemed to be an adequate statistical representative sample. The transect line was drawn by 
selecting two points located on the perimeter of the green space polygon that when joined 
created the longest possible transect line. The total length of the transect line was divided by 
50. This number was displayed on the map, showing the frequency with which observation 
points would occur. Private gardens, hard open spaces and road side green spaces were not 
included, thus the study was confined to public green space, which included school grounds 
and sport fields. No size limit was placed for the size of public green space that could be 
sampled. Hardcopy maps showing all the digitised green spaces (with labels for the sites to be 
sampled) were produced for each town. Spatial attributes for the various towns were 
calculated in ArcView 3.2. This included total town area, total town green space and number 
of green spaces. 
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Town census data collection 
Town census data were collected from the Municipal Demarcation Board of South Africa 
(MDB). These census data were provided at electoral ward level. The municipal wards theme 
was downloaded from the MDB website (Demarcation Board of South Africa, 2006). This 
was overlaid with the various town boundary themes in ArcView 3.2. The wards falling 
within the town areas were then selected. Wards were only selected which had at least 10 % 
of their total area covering the town area and covered at least 10 % of the total respective 
town area. The cities of East London and Port Elizabeth were used as the closest cities for 
alien dispersal analysis. Grahamstown was included in this analysis owing to it being the 
centre for growing and distribution of alien trees for the then British Colony in the 1800s.  
 
Field sampling 
Field sampling was conducted during March to May, with a final check of some sites in 
September 2006. For each town every green space was groundtruthed and its land use as a 
public green space verified. Green spaces had to be deleted, added and for a number, the 
boundary lines edited. This was recorded on the hardcopy maps. The town boundaries were 
not edited. 
  
At each of the selected public green spaces the woody plants present were identified and 
counted. Woody plant samples that could not be identified were taken for later identification 
at the Schonland Herbarium. Where there were greater than 100 woody plants a transect 
method was used. The transect method involved walking across the green space along the 
transect line shown on the GIS generated map described above. At each observation point 
along the transect line a sample of the closest woody plant greater than 1.5 m was taken. The 
sample of 50 woody plants was used as a representation of the entire woody plant population. 
The height restriction was done so as to optimise probability of detection and to ensure that 
only established woody plants were enumerated. Identified woody plants for each site were 
classified as indigenous, alien non-invasive and alien invasive species.  Alien invasive woody 
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plant species were defined according to the declared weeds and invaders covered in the 
“Conservation of Agricultural Resources Act” (Act 43 of Republic of South Africa 1983, 
amended in 2001) (Henderson, 2001). All other aliens were classified as non-invasive. 
   
Statistical analysis 
A correlation matrix was first run using spearman rank order correlations. This showed which 
variables were significantly correlated at varying levels of significance. To determine the key 
predictor variables, forward stepwise multiple regression analysis was then used. The key 
predictor variables were determined by the level of significance (P<0.05) and their respective 
Beta values. All statistical analyses were run in Statistica 7. The mean exchange rate was 
taken as 1 Euro = Rand 10.00.  
 
 
 
RESULTS 
Town profiles 
The human population density of the ten towns ranged from 18 ha-1 to 57 ha-1, with a mean 
35.6 ha-1 (Table 2). Grahamstown has the largest population, with of 57 030 people, whilst 
Zwelitsha (11 027) was the smallest town in terms of population size. Butterworth had the 
highest population density and Port Alfred the lowest. In comparison to the other towns 
Butterworth has the highest percentage of its population earning a personal income of less 
than R400 (40 Euro) per month. The populations of Graaff-Reinet, Fort Beaufort and Mossel 
Bay have the highest percentage users of wood for heating energy purposes (Table 2).  
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 Table 2.  
Socio-economic indices for the 10 sample towns  
 
Town 
Total 
human 
populatio
n 
Human 
populatio
n density 
(ha−1) 
% Of 
person
al 
income 
<R400 
per 
month 
% 
Househol
ds with no 
income 
% 
Househol
ds using 
wood for 
heating 
energy 
Distanc
e to 
closest 
city 
(km) 
Distance 
from 
Grahamsto
wn (km) 
Bisho 19,258 53.5 69.4 16.5 6.9 45.3 90.3 
Butterworth 46,834 57.0 80.1 36.2 11.9 82.5 178.6 
Fort 
Beaufort 25,052 38.9 73.4 27.2 22.6 120.5 53.4 
Graaff-
Reinet 37,005 51.0 67.8 7.3 36.0 325.2 212.8 
Grahamsto
wn 57,030 32.1 23.6 18.4 4.2 113.5 0 
Jeffrey's 
Bay 17,380 22.0 53.1 8.9 15.2 61.4 164.8 
King-
Williams 14,168 18.0 64.6 15.2 8.4 49.0 86.3 
Mossel Bay 46,710 35.0 61.2 12.0 19.7 38.9 412.7 
Port Alfred 16,859 18.4 64.9 16.2 12.7 128.0 40.5 
Zwelitsha 11,027 30.5 74.3 25.2 0.9 45.3 86.3 
Mean 29,132 35.6 63.2 18.3 13.8 101.0 132.6 
S.E. 5182.5 4.5 5.0 2.8 3.2 27.1 412.7 
 
Town green space 
The proportion of the total town area that was public green space varied greatly between the 
towns (Table 3). The former homeland towns of Bisho, Zwelitsha and Butterworth had the 
lowest percentage amount of green space (6.2 %, 6.6 % and 7.3 % respectively) and the 
lowest area of green space per capita (11.6 m2, 21.6 m2 and 12.8 m2 respectively). The coastal 
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town of Jeffrey’s Bay, on the other hand, had the highest percentage of green space followed 
by Grahamstown and Port Alfred.  Port Alfred and Jeffrey’s Bay had the largest mean green 
space areas as well as possessing the highest amount of green space per capita. Bisho and 
Graaff-Reinet respectively had the lowest mean green space areas along with a low amount of 
per capita green space.   
 Table 3.  
Total and proportionate sizes of green space  
Town % Green space 
Total green 
space area 
(ha) 
Green space 
per capita 
(m2) 
Total 
area (ha) 
No. of 
green 
spaces 
Mean size of 
green space 
(ha) 
Bisho 6.2 22.4 11.6 360.2 26 0.86 
Butterworth 7.3 59.7 12.8 822.3 44 1.36 
Fort Beaufort 11.2 72.3 28.9 644.0 48 1.51 
Graaff-Reinet 12.0 87.4 23.6 725.7 77 1.14 
Grahamstown 13.9 246.6 43.2 1774.8 128 1.93 
Jeffrey's Bay 15.2 119.8 68.9 789.2 45 2.66 
King-
Williams 9.3 73.4 51.8 786.1 56 1.31 
Mossel Bay 10.8 144.5 30.9 1336.5 96 1.51 
Port Alfred 13.1 120.6 71.5 917.8 47 2.66 
Zwelitsha 6.6 23.8 21.6 361.9 13 1.83 
Mean 10.6 97 36.5 8518.5 58 1.68 
S.E. 0.9 20.9 6.8 135.0 10.7 0.20 
 
 
 
Aggregate woody species richness composition per town 
The majority (59.9 %) of the woody species recorded in the public green space per town were 
aliens, with the remainder (44.1 %) being indigenous (Table 4). Grahamstown, Mossel Bay 
and Port Alfred had the highest total woody plant species richness. The former homeland 
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towns of Bisho, Zwelitsha and Butterworth had the lowest woody plant species richness and 
the highest percentage of alien invasive species. The coastal towns of Jeffrey’s, Port Alfred 
and Mossel Bay had the lowest percentage of alien invasive woody plant species.  
 
Table 4.  
Aggregate woody species richness composition per town  
Town 
Total species 
richness per 
town 
% 
Indigenous 
species 
% Alien non-
invasive 
species 
% Alien 
invasive 
species 
Mean species 
richness per 
green space 
Bisho 10 30.0 30.0 40.0 2.2 
Butterworth 34 29.4 26.5 44.1 4.3 
Fort Beaufort 35 40.0 31.4 28.6 3.2 
Graaff-Reinet 41 43.9 31.7 24.4 3.9 
Grahamstown 129 52.7 27.1 20.2 7.7 
Jeffrey's Bay 73 41.9 14.7 16.4 9.2 
King-
Williams 66 42.4 22.7 34.8 7.3 
Mossel Bay 86 60.5 20.9 18.6 4.8 
Port Alfred 83 65.1 18.1 16.9 9.1 
Zwelitsha 17 35.3 23.5 41.2 3.2 
Mean 57 44.1 24.7 28.5 4.9 
S.E. 12 3.8 1.8 3.4 0.8 
 
Woody plant distribution 
With respect to the total number of woody plants sampled from each town, the mean 
percentage of alien invasive species was lower than that of the percentage of average total 
woody plants per green space (Table 5). Grahamstown, Jeffrey’s Bay and Mossel Bay 
respectively had the highest number of sampled woody plants. Unlike Grahamstown and 
Jeffrey’s Bay, Mossel Bay, had a high percentage of its green spaces containing less than 20 
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woody plants. Graaff-Reinet had the highest percentage of indigenous woody plants and the 
lowest percentage of alien invasive woody plants per green space.  
Table 5.  
Mean woody species composition per green space  
Town 
Total 
woody 
plants 
sampled 
% Green 
spaces 
<20 
woody 
plants 
% Green 
spaces 
>50 
woody 
plants 
% Woody 
plants 
indigenous 
% Woody 
plants alien 
non-
invasive 
% Woody 
plants 
alien 
invasive 
Bisho 63 90.0 0.0 40.6 15.0 44.4 
Butterworth 711 33.3 33.3 45.0 3.7 51.3 
Fort Beaufort 541 63.2 26.3 63.3 3.9 32.9 
Graaff-Reinet 1080 51.6 29.0 75.4 11.2 13.4 
Grahamstown 2461 41.2 47.1 49.9 17.2 32.9 
Jeffrey's Bay 1273 11.1 66.7 51.3 13.7 35.0 
King-
Williams 1092 28.6 47.6 39.6 11.0 49.4 
Mossel Bay 1095 55.3 21.1 40.4 14.0 45.6 
Port Alfred 968 52.6 47.4 61.2 8.6 30.2 
Zwelitsha 120 60.0 20.0 13.1 31.2 55.7 
Mean 940 48.7 33.8 48.0 12.9 39.1 
S.E. 214.6 6.8 6.1 5.4 2.5 4.0 
 
Town socio-economic attributes,  green space and woody plant variables 
Several socio-economic variables were significantly correlated with the green space and 
woody plant variables (Table 6). The percentage of the people earning less than 40 EUR per 
month (IL) was negatively correlated to the percentage of town green space (PGS) and per 
capita green space (GSC). IL and population density (PD) were also negatively correlated 
with the mean green space species richness (MSR). IL was interestingly highly correlated 
with the percentage of alien invasive species. No correlation existed between the percentage 
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of households using wood for heating energy and the variables indicating the quality of the 
green space. 
 
Strong correlations existed between the proportionate area of green space and the green space 
woody plant variables. The proportion of town green space (green space per capita (GSC) and 
percentage green space (PGS)) was positively correlated with the mean green space species 
richness. The proportion of town green space (GSC and PGS) was also negatively correlated 
with the percentage of alien invasive woody species (PAIS) (Fig. 2).  The mean green space 
area was positively correlated with the mean green space species richness (Fig. 3). 
Table 6.  
Spearman's rank order correlations (r) between selected variables  
 
 
 
Fig. 2. The negative relationship between the percentage of alien invasive species and 
green space per capita.  
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Fig. 3. Green space woody species area curve. 
 
 
 
Predictor variables  
The stepwise multiple regression indicated that human population density and the total 
amount of green space were the best predictors for determining the amount of green space per 
capita and the percentage of town green space respectively (Table 7).  The income variables 
on the other hand were poor predictors of these respective dependent variables. Mean green 
space area was a function of green space per capita and the percentage of town green space. 
These predictor variables explained 59 % of the variation in the mean green space area (F = 
7.73, P<0.05) (Table 7). 
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 Table 7. Multiple regression coefficients for various attributes of green space and 
woody plant composition 
 
 
The total number of woody plants was a function of the number of town green spaces, 
personal income, green space per capita and total town green space. This multiple regression 
explained 87 % of the variation in total woody plants (F = 9.83, P<0.01). The distance to the 
closest city and the percentage of town green space (both having negative effects) were good 
predictors of the percentage presence of alien invasive woody plants. The multiple regression 
model explained 89 % of the variation in the percentage of alien invasive woody plants (F = 
37.93, P< 0.001). Despite Grahamstown being a historical disperser of alien plants, there was 
no correlation between the distance from Grahamstown and the other variables. 
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 The multiple regression models for woody species richness, explained respectively, 92 % of 
the variation in total species richness (F = 39.07, P<0.001) and mean green space species 
richness (F = 25.74, P<0.01) (Table 7). Green space per capita was a good predictor of total 
species richness, having a positive effect on its respective total species richness.  
 
With regard to the town woody species composition, the multiple regression model for the 
percentage of alien invasive species was the best explained model (F = 19.54, P<0.01). The 
model explained 86 % of the variation in the percentage of alien invasive species. The best 
predictor for the percentage of alien invasive species was the percentage of town green space. 
This variable had a negative effect on the percentage presence of alien invasive species.   
 
Although the socio-economic indices correlated with the green space and woody plant 
variables (Table 6), the proportion of green space and the per capita amount of green space 
were the best indicators of green space size and quality (Table 7). 
 
 
DISCUSSION  
According to Venn and Niemela (2004) the most essential factor for the development of a 
good green space system is adequate area of green space. This amount should be suitable for 
the city population. The mean amount of public urban green space per capita for 37 European 
cities was 42.1 m2 (Eurostat Urban Audit, 2001). This compares to 36.5 m2 per capita for the 
towns sampled in this study. The mean population density for the European cities is 48.6 m2 
people per hectare (Eurostat Urban Audit, 2001). This is somewhat higher than that of 35.6 
m2 people per hectare for the sampled towns. The mean percentage of public green space land 
across 28 European cities is 12.9 % (Eurostat Urban Audit, 2001), this compares to 10.6 % 
for the sampled towns. Guidelines exist for the amount of green space per capita. They vary 
from 20 m2 to 40 m2 of public green space per capita (Johannesburg Open Space System, 
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2002). This report, however, recommends a systems approach which includes these 
guidelines along with consideration for the inherent value of the open space and community 
needs of the urban population (Johannesburg Open Space System, 2002). When compared to 
developed countries of Europe the provision of public green space for the majority of the 
study towns appears to be adequate. The former homeland and poorer towns of Bisho, 
Zwelitsha and Butterworth, however, fall far behind in terms of the proportionate amount of 
town public green space and green space per capita.  
 
Urban areas are described by Picket et al. (1998) as having a high level of species richness 
when compared to the surrounding landscape. For the study towns however, the mean woody 
species richness per green space was low (4.9 woody species per sampled green space). This 
species richness is still low when one considers that the STTB is a species rich flora (Vlok et 
al., 2003). Clearly, very little natural Thicket vegetation remains in the public greens spaces 
of these towns. An explanation for this low species richness at a town level could be that of 
biotic homogenization, where only a few plant species are thriving in the conditions in the 
sampled towns. A large proportion (48.7 %) of the green spaces sampled in the study had less 
than 20 woody plants per green space. Therefore, on average across the towns the number of 
woody plants is also low.  
 
A common trend encountered was that the distribution of woody plants was unevenly 
distributed in favour of the more wealthy areas within a town. Fewer woody plants were 
present in the poorer township areas. In order to improve the ecosystem functioning and 
human benefits of the existing green spaces, the restoration of green spaces by the planting of 
woody plants needs to be advocated within the local municipalities (see Ruiz-Jaen and 
Mitchell Aide, 2006).  
 
The mean percentage of alien invasive woody plants for the towns was 28.5 %. According to 
the Johannesburg Open Space System (2002) disturbance rating system; the coastal towns of 
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Jeffrey’s Bay, Port Alfred and Mossel Bay would fall within the low rating (≤ 20 % invasive 
exotic species). The remainder of the towns would fall within the medium rating (≥ 21 % and 
≤ 59 % invasive exotic species). In comparison to Europe (Pysek 1998) and the USA 
(Clements and Moore 2003) our study towns had a far higher percentage of alien woody 
species. The mean percentage of alien species is equal to 66.9 % for the sampled towns this 
compares to 32.1 % for the USA cities and 40.3 % for the European cities. It must be stressed 
that these studies looked at the species richness of urban flora and not at woody plants 
specifically, as is the case in this study. This comparison however still displays the high 
proportion of alien woody plant species within the study towns. 
 
Towns with a higher proportion of green space and greater per capita income were more 
likely to have higher total and mean green space woody species richness and more woody 
plants. These towns were also strongly negatively correlated with the percentage of alien 
invasive woody species. Towns with larger mean green space areas were positively correlated 
to the green space species richness. This is in accordance with general conservation island 
biogeographic theory which showed how larger patches and patches closer to other patches 
have more species than smaller less connected patches (Forman, 1995; Muller, 1997). The 
greater the amount of green space relative to the built up area, the more chance for 
connectivity between green spaces and the less heavily impacted on by the urban population. 
According to Zheng and Cheng (2000), edge effects are especially vulnerable to human and 
natural disturbances when fragments (patches) are small or irregularly shaped. Hence these 
patches would be more prone to invasion by alien plants. Jeffrey’s Bay and Port Alfred had 
the highest percentage of green space. These towns had extensive natural green spaces 
covered in Thicket. Bisho, Zwelitsha and Butterworth, on the other hand, had a lower 
percentage of green space. These green spaces were generally smaller and more fragmented. 
Little natural vegetation occurred in these towns. Towns with a lower proportion of green 
space and per capita green space were also found to have lower percentage of indigenous 
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species, higher percentage of alien invasive species and woody plants per green space. These 
towns are clearly more prone to invasion by alien species.  
 
The general patterns of green spaces and woody composition and density showed some 
important correlations with the socio-economic indices. Towns with lower income levels and 
more densely populated towns had less proportionate green space and less green space per 
capita. These towns also had less woody plants, lower species richness and a greater 
proportion of alien invasive species. Green space provision in the poorer towns of 
Butterworth and Zwelitsha was low. The informal settlements in these towns were far more 
extensive. These results show how green spaces in the poorer more densely populated towns 
are more prone to disturbance by removal of woody plants and also have less green space 
maintenance in terms of tree planting. The percentage of a town having no household income 
was positively correlated to the amount of alien invasive species. The green spaces in the 
poorer towns such as Zwelitsha and Butterworth would be more prone to disturbance from 
people. This might explain the relationship. Iverson and Cook (2000) found a strong positive 
correlation between areas of low household densities and higher tree cover. Wealthier areas 
were also found to have higher tree cover. Pedowlski et al. (2003) showed in city of Rio de 
Janeiro how the wealthier neighbourhoods had both the higher woody plant species diversity 
and number of woody plants. The author mentioned how the issue of socio-economic 
inequalities has followed the history of Brazil. Priority therefore needs to be given to these 
areas. The poorer communities will benefit greatly from green space provision of adequate 
quality as described in Shackleton (2006) and Pedolwski et al. (2003).  
 
In sampling 12 European cities, Venn and Niemela (2004), found a positive correlation 
between the population of a city and the city area. Neither city area nor the amount of city 
green space could be correlated to the city population. A negative correlation was found 
between population density and the proportion of green space. This relationship however only 
occurred between three towns therefore no linear relationship could be established by the 
 22
authors. A more obvious census data relationship was that as a town population increases so 
does the town area and the total town green space. This in turn results in a greater number of 
total species and total number of woody plants. The green space per capita was negatively 
correlated to the mean green space area. A higher population density results in smaller green 
space patches. This could be explained by population pressures to develop on the green space 
patches. More densely populated towns had less mean green space species richness and a 
lower number of woody plants. This concurs with what was found by Iverson and Cook 
(2000) and Pedowlski (2003) Green spaces in these towns would be more prone to human 
disturbance thus resulting in the poorer green space quality attributes.  
 
In the comprehensive study of Pysek (1998), covering 54 European cities, it was found that 
city (town) size area and population was the best predictor of non-native species richness. 
Population density, temperature and altitude were also found to affect the presence of alien 
plant species. In contrast, none of these factors were correlated in the study of eight USA 
cities conducted by Clements and Moore (2003). The only correlation they found was 
between the longitude of the city and the presence of alien plants. This was explained by the 
fact that the towns closer to the east coast of the USA are older thus explaining the higher 
percentage of alien plant species richness. The mean number of town species was positively 
correlated to the percentage of town indigenous species and negatively correlated to the 
percentage of alien invasive species. This perhaps indicates how towns with more indigenous 
species have a lower threat of alien invasion due to the presence of existing indigenous 
species. The presence of alien invasive species also makes it harder for indigenous vegetation 
to move into the green space. The fact that there was a higher percentage of total alien 
invasive woody plant species when compared to the actual mean number of alien invasive 
species present on a site, shows how the species richness of the alien invasive woody plants is 
fairly low. Despite this they represent a substantial number of total woody plants. On average 
the percentage of alien species and total woody plants exceed that of their indigenous 
counterparts. The control of alien invasive woody plants needs be given priority. As 
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discussed earlier urban green spaces can act as dispersal nodes of these alien invasive species 
along the roads, railway lines and rivers that intersect the towns (Pysek, 1998; Wittig, 1998; 
Alston and Richardson, 2006). In order to combat against these alien invasive woody species 
a socio-economic approach is clearly required. This approach is recommended by Alston and 
Richarson (2006) with reference to natural areas threatened in the Cape Floral Kingdom, 
South Africa.  They give the example of removing alien invasive plants from at the source: 
people’s suburban gardens, as opposed to expensive eradication programs in neighbouring 
protected areas. A socio-economic approach would consider when and how the site specific 
social system drives the introduction and spread of alien invasive plants. This approach 
would need to take into account how people perceive and value alien invasive plants 
(Shackleton et al., 2007).  
 
Pysek (1998) found in central Europe that the distance of smaller urban settlements (towns 
and villages) to larger urban city areas to have a negative correlation with the proportion of 
aliens present in these smaller settlements. This was explained by the fact that the cities act as 
a major source of alien plant species from where they disperse into the surrounding 
landscape. This same negative correlation was found for the study towns. The distance to the 
closest city was a significant predictor for explaining the change in the percentage of alien 
invasive woody species present in the sampled towns. Further interrogation into these results 
is required.  
 
 
CONCLUSION 
Few studies, especially in smaller towns, have been carried out on urban green space areas in 
the developing world (Shackleton, 2006). These regions are undergoing rapid urban 
expansion (Sandstrom et al., 2005) and therefore require attention. This research paper 
therefore attempts to contribute to the understanding of the relationships within these 
developing small town urban ecosystems. Many of the relationships described in this paper 
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were also found in the larger cities of Europe (Pysek, 1998; Ven and Niemela, 2004), North 
America (Iverson and Cook, 2000) and South America (Pedolwski et al., 2003). Having the 
study towns located within the same biome, along with consistent sampling methods, added 
to the ease of comparison between the towns. The towns also varied greatly according to size, 
density and economic conditions. This allowed for excellent analysis of the relationships 
between the biophysical and social drivers described by Picket et al. (2001) and Hope et al. 
(2003). 
 
The level of current public green space provision varies markedly between the towns. 
Composition and density of woody plants across the green spaces also varied greatly. Income 
levels were significantly correlated with the area and state of public green space. Despite this, 
human population density and per capita green space were the best predictors of the 
proportion and mean area of public green space present in the towns. The proportion of town 
green space and the per capita green space were the best predictors of changes in woody plant 
composition and density.      
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